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(54) Apparatus and method for setting control parameters of machining apparatus

(57) An apparatus for setting control parameters of
a machining apparatus. The setting apparatus includes
a storage unit for storing a set of control parameters for
each of a plurality of machining modes; an input device
for selecting one of the plurality of machining modes;
and a control unit for selecting a set of control parame-
ters corresponding the selected machining mode and
setting the set of control parameters as control param-
eters to be used for controlling the machining apparatus.
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Description

INCORPORATION BY REFERENCE

[0001] The disclosure of Japanese Patent Application
Nos. 2000-301296 filed on September 29, 2000 and
2000-311514 filed on October 12, 2001 including the
specification, drawings and abstract are incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention:

[0002] The present invention relates to an apparatus
and method for setting control parameters of a machin-
ing apparatus such as a machine tool.

Description of the Related Art:

[0003] When a workpiece is machined by use of a ma-
chine tool equipped with a computerized numerical con-
troller (CNC) (hereinafter referred to as an "NC machine
tool"), control characteristics (e.g., machining time, ma-
chining accuracy) vary depending on control parame-
ters of the NC machine tool. Desired control character-
istics may vary among users, and may also vary among
workpieces of different types which a single user ma-
chines by use of a single NC machine tool. Therefore,
NC machine tools are configured to enable users to set
(or modify) control parameters.
[0004] Conventionally, when control parameters of an
NC machine tool are to be set or modified, a worker
causes the NC machine tool to display a control-param-
eter setting screen on a display unit of an operation unit
of the NC machine tool, and subsequently inputs various
control parameters individually on the control-parame-
ter setting screen by use of an input device.
[0005] Control parameters are used for adjusting a
CNC in accordance with the characteristics and func-
tions of an NC machine tool and motors for operating
the NC machine tool. Therefore, values of the control
parameters do not directly correspond to the desired
machining accuracy and shape of a workpiece. There-
fore, when the above-described method of directly in-
putting various control parameters to thereby set or
modify the control parameters is used, the worker en-
counters difficulty in determining proper values for con-
trol parameters which enable attainment of desired con-
trol characteristics, with the result that the worker en-
counters difficulty in setting optimal values for the con-
trol parameters. In particular, in an NC machine tool hav-
ing a plurality of drive axes, since machining is effected
through combined movements of the plurality of drive
axes, the work for setting the control parameters be-
comes more difficult. As described above, when the
conventional method for setting control parameters is
employed, a worker encounters difficulty in setting con-

trol parameters.

SUMMARY OF THE INVENTION

[0006] In view of the foregoing, an object of the
present invention is to provide an apparatus and method
for setting control parameters of a machining apparatus,
which method and apparatus enable easy setting of
control parameters for obtaining desired control charac-
teristics.
[0007] In the following description, the term "control
parameters" may refer to actual values set for control
parameters.
[0008] In order to achieve the above object, the
present invention provides an apparatus for setting con-
trol parameters of a machining apparatus, comprising:
a storage unit for storing a set of control parameters for
each of a plurality of machining modes; an input device
for selecting one of the plurality of machining modes;
and a control unit for selecting a set of control parame-
ters corresponding the selected machining mode and
setting the set of control parameters as control param-
eters to be used for controlling the machining apparatus.
[0009] Since a set of control parameters is stored in
a storage unit for each of a plurality of machining modes,
a set of control parameters required for attaining desired
control characteristics can be set through a simple op-
eration of selecting a machining mode, without direct
setting of control parameters. Therefore, setting of con-
trol parameters can be facilitated.
[0010] Preferably, the control-parameter setting ap-
paratus includes a display unit; and the control unit dis-
plays the plurality of machining modes on the display
unit. When one of the plurality of machining modes dis-
played on the display unit is selected by use of the input
device, the control unit selects a set of control parame-
ters corresponding to the selected machining mode and
sets the set of control parameters as control parameters
to be used for controlling the machining apparatus.
[0011] In this case, since the plurality of machining
modes are displayed on a display unit, selection of a
machining mode is facilitated.
[0012] Preferably, the plurality of machining modes
are classified in accordance with either or both of ma-
chining accuracy and machining time. Preferably, the
plurality of machining modes are classified in accord-
ance with corner accuracy and curve accuracy. In this
case, since the plurality of machining modes are classi-
fied in accordance with machining conditions which a
worker can understand easily, the worker can set control
parameters on the basis of desired machining condi-
tions.
[0013] Preferably, the plurality of machining modes
are displayed on the display unit in the form of a graph.
In this case, since the plurality of machining modes are
displayed in the form of a graph, selection of a machin-
ing mode is facilitated further.
[0014] The present invention also provides a method
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for setting control parameters of a machining apparatus,
comprising the steps of: storing in a storing unit a set of
control parameters for each of a plurality of machining
modes; designating one of the plurality of machining
modes; and selecting a set of control parameters corre-
sponding to the designated machining mode and setting
the set of control parameters as control parameters to
be used for controlling the machining apparatus.
[0015] Since a set of control parameters is stored in
a storage unit for each of a plurality of machining modes,
a set of control parameters required for attaining desired
control characteristics can be set through a simple op-
eration of, for example, inserting machining mode infor-
mation into a machining program, without direct setting
of control parameters. Therefore, setting of control pa-
rameters can be facilitated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Various other objects, features and many of
the attendant advantages of the present invention will
be readily appreciated as the same becomes better un-
derstood by reference to the following detailed descrip-
tion of the preferred embodiments when considered in
connection with the accompanying drawings, in which:

FIG. 1 is a plan view showing an example machining
apparatus;
FIG. 2 is a diagram showing a machining mode
graph;
FIGS. 3 and 4 are tables each showing a command-
ed machining path and an actual machining path for
each machining mode;
FIG. 5 is a flowchart showing an operation for ma-
chining a workpiece while using control parameters,
which are set by a method according to an embod-
iment of the present embodiment;
FIG. 6 is a diagram showing an example machining
program used in the embodiment;
FIG. 7 is a diagram showing an example control-
parameter setting screen used in the embodiment;
and
FIG. 8 is an explanatory diagram showing the rela-
tionship between machining steps and machining
mode graphs stored in a storage unit in the embod-
iment.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0017] An embodiment of the present invention will be
described with reference to FIGS. 1 to 8. The present
embodiment exemplifies the case in which a workpiece
W is contoured by an NC machine tool 1 equipped with
a CNC having three numeral control axes (NC axes).
FIG. 1 is a plan view (top view) of the NC machine tool
1 in which the workpiece W is placed on a table 8. In the
NC machine tool 1, the table 8 is moved along an X-axis
direction (right/left direction in FIG. 1) and a Y-axis di-

rection (top/bottom direction in FIG. 1); and a tool 10 is
moved along a Z-axis direction (direction perpendicular
to the sheet of FIG. 1).
[0018] The NC machine tool 1 consists of a machining
section 2 for machining the workpiece W, an operation
section 3 for operating the NC machine tool 1, and a
control section 4 for controlling the movements of the
table 8 and the tool 10 of the NC machine tool 1.
[0019] The machining section 2 includes a bed 7, the
above-described table 8 for supporting the workpiece
W, and the above-described tool 10 for machining the
workpiece W. Unillustrated X-axis and Y-axis servomo-
tors for moving the table 8 along the X-axis and Y-axis
directions, respectively, are attached to the bed 7. An
unillustrated encoder is attached to each of the X-axis
and Y-axis servomotors in order to detect the position
of the table 8. Thus, the table 8 can be moved and
stopped within an area surrounded by a two-dot chain
line shown in FIG. 1.
[0020] The tool 10 is rotatably supported by an unil-
lustrated spindle head, which is supported by a gantry
frame 9 mounted on the bed 7 in such a manner that the
spindle head is movable along the Z-axis direction. An
unillustrated Z-axis servomotor for moving the spindle
head along the Z-axis direction is provided on the gantry
frame 9, and an unillustrated encoder is attached to the
Z-axis servomotor in order to detect the Z-axis position
of the tool 10. The contour of the workpiece W is ma-
chined by means of movement of the table 8 along the
X-axis and Y-axis directions and movement of the tool
10 along the Z-axis direction accompanied by rotation
about the Z-axis.
[0021] The operation section 3 includes an input de-
vice 5 for inputting a machining program, machining da-
ta, a control program, etc., and a display unit 6 for dis-
playing various data. Through operation of the input de-
vice 5, a worker can designate a control-parameter set-
ting mode, and can move the table 8 and the tool 1. Fur-
ther, the worker can cause the control section 4 to dis-
play on the display unit 6 a machining-program creating/
editing screen, a control-parameter setting screen, or
any other screen.
[0022] The control section 4 includes a CNC capable
of two-axis simultaneous control. The CNC includes a
CNC board, a servo control board, and a sequence con-
trol board, which are accommodated in a control cabi-
net. A central processing unit (CPU) is provided on the
CNC board. The X-axis, Y-axis, and Z-axis servomotors
are controlled by the CNC board and the servo control
board.
[0023] Further, the control section 4 includes a stor-
age unit 11 for storing a machining program, a control
program, control parameters, etc. The storage unit 11
stores a set of control parameters for each of machining
modes, which will be described later.
[0024] In the NC machine tool 1, the workpiece W is
machined by means of combined movements of the ta-
ble 8 and the tool 10 driven by the plurality of drive mo-
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tors. Therefore, the worker encounters difficulty in set-
ting control parameters to values which enable obtain-
ment of desired control characteristics, through direct
input of set values for the control parameters. In view of
this, the method and apparatus according to the present
invention do not request a worker to input values for the
control parameters. In the present invention, each of a
plurality of sets of control characteristics is represented
in the form of a machining mode, which the worker can
understand with ease; and for each machining mode a
set of control parameters is stored in the storage unit.
[0025] FIG. 2 shows a diagram in which machining
modes selectable for machining the workpiece W are
displayed in the form of a machining mode graph. FIGS.
3 and 4 are tables showing changes in machining status
(control characteristics) when a contour of the work-
piece W shown in FIG. 1, starting from end point w1 and
ending at end point w2, is machined in each of seven
machining modes. FIG. 5 is a flowchart showing an op-
eration of the control section 4 for machining the work-
piece W while using control parameters set by the meth-
od of the present embodiment. FIG. 6 is a diagram
showing an example machining program used in the
embodiment. FIG. 7 is a diagram showing an example
control-parameter setting screen. FIG. 8 is an explana-
tory diagram showing the relationship between machin-
ing steps and machining mode graphs stored in the stor-
age unit 11.
[0026] In the present embodiment, seven machining
modes are provided. The machining modes are used so
as to represent control characteristics by machining
conditions, such as corner accuracy, curve accuracy,
machining accuracy, machining shape, and machining
time, which the worker understands with ease. A set of
control parameters corresponding to each machining
mode is stored in advance in the storage unit 11 as a
control-parameter database. Examples of the control
parameters include "corner speed difference," "allowa-
ble acceleration," "acceleration/deceleration time con-
stant before interpolation," "acceleration/deceleration
time constant after interpolation," and "acceleration
change time of bell-shaped acceleration/deceleration
before interpolation."
[0027] For example, the parameter "corner speed dif-
ference" is used when a corner is to be machined. Spe-
cifically, when the NC machine tool 1 machines a comer,
the controller of the NC machine tool 1 automatically de-
termines the machining feed rate in accordance with the
set value of the parameter "corner speed difference."
When the set value of the parameter "corner speed dif-
ference" is increased, machining accuracy deteriorates
even though the time required to complete the machin-
ing of the corner is decreased. In addition, the table and
other components of the NC machine tool 1 generate
mechanical vibrations, which worsen the accuracy of
the machined surface.
[0028] When the control parameters, such as "comer
speed difference," "allowable acceleration," "accelera-

tion/deceleration time constant before interpolation,"
"acceleration/deceleration time constant after interpola-
tion," and "acceleration change time of bell-shaped ac-
celeration/deceleration before interpolation," are set to
predetermined respective values, the above-described
comer accuracy, curve accuracy, machining accuracy,
machining shape, machining time, etc., are determined
accordingly.
[0029] As shown in FIG. 2, the machine mode graph
is displayed on a coordinate system having U and V ax-
es which represent different machining conditions. Spe-
cifically, the U-axis represents machining accuracy of a
curved portion of the workpiece W. The machining ac-
curacy increases toward the direction of an arrow, and
feed rate increases toward the direction opposite that of
the arrow. The V-axis represents the machining accura-
cy of a corner portion of the workpiece W. The machining
accuracy (sharpness) increases toward the direction of
an arrow.
[0030] Further, the U-axis and V axis of the machining
mode graph shown in FIG. 2 correspond to the memory
address of the control-parameter database stored in the
storage unit 11 (see FIG. 8). That is, through designation
of coordinates of the machining mode graph, a set of
control parameters stored at a corresponding memory
address of the storage unit 11 is read out.
[0031] In the present embodiment, as shown in FIG.
8, for each of machining steps (rough machining step,
intermediate-finish machining step, finish machining
step A, finish machining step B, and finish machining
step C), a set of control parameters corresponding to
each of machining modes is stored in the storage unit
11.
[0032] Next, the seven machining modes 1 to 7
shown in FIG. 2 will be described with reference to FIGS.
3 and 4. In the present embodiment, the workpiece W
has a machining shape as shown in FIG. 1. That is, a
periphery of the workpiece W which extends from the
end point w1 to the end point w2 and which has four
work portions A to D of different shapes is subjected to
contour machining. In FIG. 3, a two-dot chain line rep-
resents a reference line; a dotted line represents a path
commanded by the machining program; and a solid line
represents an actual path followed during machining in
each of the machining modes 1 to 3 . In FIG. 4, a dot-
ted line represents a path commanded by the machining
program; and a solid line represents an actual path fol-
lowed during machining in each of the machining modes
4  to 7 .
[0033] At the work portion A, contour machining is
performed in such a manner that the tool 10 enters far
into the interior of the workpiece W from point a1 on the
reference line, while depicting a curved locus; makes a
turn with a small radius of curvature; and returns to point
a2 on the reference line.
[0034] At the work portion B, contour machining is
performed in such a manner that the tool 10 gradually
enters the interior of the workpiece W from point b1 on
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the reference line, while depicting a curved locus of a
large radius of curvature; and returns to point b2 on the
reference line.
[0035] At the work portion C, contour machining is
performed in such a manner that the tool 10 enters the
interior of the workpiece W from point c1 on the refer-
ence line, while depicting a straight locus; makes a turn
at an acute angle; and returns to point c2 on the refer-
ence line, while depicting a straight locus.
[0036] At the work portion D, contour machining is
performed in such a manner that the tool 10 enters the
interior of the workpiece W at an obtuse angle, from
point dl on the reference line, while depicting a straight
locus, and reaches the end point w2.
[0037] That is, the maximum change rate of machin-
ing shape is high at the work portions A and C, and is
low at the work portions B and D.
[0038] FIGS. 3 and 4 shows an actual path of the tool
10 for the case in which a set of control parameters cor-
responding to each of the machining modes 1 to 7 is
set and the tool 10 is subsequently moved along a com-
mand path (target path) set in the machining program.
[0039] In the present embodiment, the machining
mode 4 is positioned at the center of the machining
mode graph. The machining mode 4 is a standard
mode which is used in cases in which high machining
accuracy or high profile accuracy is not required at a
work portion which has a high maximum shape change
rate. In the machining mode 4 , control parameters
used for controlling operations of the X-axis and Y-axis
servomotors are set to substantially center values within
the respective setting ranges for the control parameters.
In other words, in the machining mode 4 (standard
mode), the control parameters are set to values such
that the tool can be moved along a command path (tar-
get path) for a curved or corner portion by use of about
a half of the machining performance of the NC machine
tool 1. The machining mode 4 is not suitable for con-
tour machining of a curved or corner portion, such as
the work portions A and C, at which the shape changes
drastically, for the following reason. Since the table 8 is
moved to follow the contour whose shape changes dras-
tically, the X-axis and Y-axis servomotors must be ac-
celerated or decelerated drastically. As a result, the ta-
ble 8 produces mechanical vibration, resulting in pro-
duction of an error in the machined shape.
[0040] When the machining mode 1 is used, ma-
chining accuracy decreases at all the work portions A,
B, C, and D. However, since the machining speed in-
creases as compared with the case in which contour
machining is performed in the machining mode 4
(standard mode), the machining time becomes shorter.
Accordingly, the machining mode 1 is suitable for cas-
es in which shortening the machining time is demanded,
but higher machining accuracy and profile accuracy
than provided in the machining mode 4 are not de-
manded for a curved or comer portion, such as the work
portion A or C, at which the shape changes drastically.

This is because mechanical vibration is produced during
machining, for the same reason as that mentioned in
relation to the machining mode 4 .
[0041] When a contour, such as the work portion B or
D, whose shape changes mildly is machined in the ma-
chining mode 1 , although produced mechanical vibra-
tion is small, the machining accuracy and the profile ac-
curacy become worse as compared with the machining
mode 4 (standard mode), and a smooth machining lo-
cus is proved at shape change points b1, b2, and d1.
[0042] The machining mode 1 is a mode in which
importance is placed on machining time.
[0043] When a curved portion, such as the work por-
tion A or B, is machined in the machining mode 2 , the
curved portion is machined at the same machining and
profile accuracy as in the case where the curved portion
is machined in the machining mode 4 . Accordingly, the
machining mode 2 is suitable for cases in which higher
machining accuracy and profile accuracy than provided
in the machining mode 4 are not demanded for a cor-
ner portion, such as the work portion C, at which the
shape changes drastically, but shortening of the time re-
quired for machining the corner portion is demanded.
[0044] When a portion, such as the work portion D,
whose shape changes mildly is machined in the machin-
ing mode 2 , although produced mechanical vibration
is small, the machining accuracy and the profile accu-
racy become worse as compared with the machining
mode 4 , and a smooth machining locus is proved at a
shape change point d1.
[0045] The machining mode 2 is a mode in which
importance is placed on time required for machining a
corner portion.
[0046] When the machining mode 3 is used, ma-
chining accuracy decreases at each work portion. How-
ever, since the machining speed increases as compared
with the case in which contour machining is performed
in the machining mode 4 , the machining time becomes
shorter. Accordingly, the machining mode 3 is suitable
for cases in which higher machining accuracy and pro-
file accuracy than provided in the machining mode 4
are not demanded for a curved portion, such as the work
portion A, at which the shape changes drastically, but
shortening the time required for machining the curved
portion is demanded. This is because mechanical vibra-
tion is produced during machining, for the same reason
as that mentioned in relation to the machining mode 4 .
When a comer portion, such as the work portion C or D,
is machined in the machining mode 3 , the corner por-
tion is machined at the same machining and profile ac-
curacy as in the case where the corner portion is ma-
chined in the machining mode 4 . When a curved por-
tion, such as the work portion B, whose shape changes
mildly is machined in the machining mode 3 , although
produced mechanical vibration is small, the machining
accuracy and the profile accuracy become worse as
compared with the machining mode 4 , and a smooth
machining locus is proved at shape change points b1
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and b2.
[0047] The machining mode 3 is a mode in which
importance is placed on time required for machining a
curved shape.
[0048] The machining mode 5 is suitable for cases
in which higher machining accuracy and profile accura-
cy are demanded for a curved portion, such as the work
portion A or B. When a curved portion, such as the work
portion A or B, is machined in the machining mode 5 ,
machining is not affected by mechanical vibration.
Therefore, the machining accuracy and the profile ac-
curacy are improved as compared with the machining
mode 4 (standard mode), although the machining time
increases.
[0049] When a corner portion, such as the work por-
tion C or D, is machined in the machining mode 5 , the
corner portion is machined at the same machining and
profile accuracy as in the case where the corner portion
is machined in the machining mode 4 (standard
mode).
[0050] The machining mode 5 is a mode in which
importance is placed on accuracy of a curved shape.
[0051] The machining mode 6 is suitable for cases
in which higher machining accuracy and profile accura-
cy are demanded for a corner portion, such as the work
portion C or D. When a corner portion, such as the work
portion C or D, is machined in the machining mode 6 ,
machining is not affected by mechanical vibration.
Therefore, the machining accuracy and the profile ac-
curacy are improved as compared with the machining
mode 4 (standard mode), although the machining time
increases.
[0052] When a curved portion, such as the work por-
tion A or B, is machined in the machining mode 6 , the
curved portion is machined at the same machining and
profile accuracy as in the case where the curved portion
is machined in the machining mode 4 (standard
mode).
[0053] The machining mode 6 is a mode in which
importance is placed on accuracy of a corner shape.
[0054] The machining mode 7 is suitable for cases
in which higher machining accuracy and profile accura-
cy are demanded for all contour shapes, such as the
work portions A, B, C, and D. When the work portions
A, B, C, and D are machined in the machining mode 7 ,
machining is not affected by mechanical vibration.
Therefore, the machining accuracy and the profile ac-
curacy are improved as compared with the machining
mode 4 (standard mode), although the machining time
increases.
[0055] The machining mode 7 is a mode in which
importance is placed on accuracy.
[0056] Next, a method for setting control parameters
according to a selected machining mode will be de-
scribed.
[0057] In the present embodiment, as shown in FIG.
8, for each of machining steps (e.g., rough machining
step, intermediate-finish machining step, finish machin-

ing step A, finish machining step B, and finish machining
step C), a set of control parameters is stored in a mem-
ory area of the storage unit 11, the memory area starting
from a memory address corresponding to each machin-
ing mode.
[0058] The following two methods can be used to set
control parameters according to a selected machining
mode.
[0059] In the first method, machining mode informa-
tion indicating a machining mode is inserted into a ma-
chining program when the machining program is creat-
ed; and when the machining program is executed, ma-
chining is performed through use of a set of control pa-
rameters corresponding to the machining mode repre-
sented by the machining mode information inserted to
the machining program (user setting).
[0060] FIG. 6 shows an example of such a machining
program. The machining program shown in FIG. 6 con-
sists of machining programs for respective machining
steps (rough machining step program, intermediate-fin-
ish machining step program, and finish machining step
program); and machining command information is in-
serted into each of the machining programs for respec-
tive machining steps.
[0061] In the example shown in FIG. 6, the machining
command information consists of a command code rep-
resenting a machining step ("G100" for the rough ma-
chining step, "G101" for the intermediate-finish machin-
ing step, "G102" for the finish machining step program,
etc.), and a symbol ("A," "B," "C," "D," etc.) subsequent
to the command code.
[0062] When the first method is used, machining
mode information is set as machining command infor-
mation. For example, as the symbol ("A," "B," etc.) sub-
sequent to the command code, there are inserted the
coordinates of a selected one of the machining modes
1 to 7 on the machining mode graph shown in FIG.
2, a memory address of the storage unit 11 at which a
set of control parameters corresponding to a selected
one of the machining modes 1 to 7 is stored, or the
number of a selected one of the machining modes 1
to 7 . For example, when "G100 (U1, V2)" is set as ma-
chining command information, machining is to be per-
formed while a set of control parameters stored at a ma-
chining mode address (U1, V2) (the machining mode
3 of the rough machining step) is used. Notably, when
the coordinates of a selected machining mode of each
machining step or the number of a selected machining
mode of each machining step is used as the symbol, a
memory address at which a set of control parameters
corresponding to the selected machining mode is stored
is determined by use of a table, or any other suitable
means, which shows the relationship between the coor-
dinates or number of a selected machining mode of
each machining step and a memory address at which a
set of control parameters corresponding to the selected
machining mode is stored.
[0063] The machining mode information may be set
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commonly among a plurality of machining steps or indi-
vidually for each machining step, or a plurality pieces of
machining mode information may be set in a machining
step. In the example shown in FIG. 6, a single piece of
machining mode information is set in each of the rough
machining step and the intermediate-finish machining
step, and two pieces of machining mode information are
set in the finish machining step (i.e., control parameters
are switched in the middle of the finish machining step).
[0064] When the machining program is created, the
machining mode graph shown in FIG.. 2 is displayed on
the display unit in order to facilitate setting of machining
mode. Specifically, when a command code ("G100,"
"G101," etc.) representing a machining step is input, a
machining mode graph corresponding to the machining
step is displayed on the display unit. Since on the ma-
chining mode graph a plurality of machining modes are
displayed as a plurality of sets of machining conditions,
a machining mode corresponding to desired control
characteristics can be selected with ease. Further, since
the coordinates of each machining mode are displayed
on the machining mode graph, the coordinates of each
machining mode can be determined easily. Notably, the
control section 4 may be configured in such a manner
that when a machining mode on the machining mode
graph is designated by use of a pointing device such as
a cursor or mouse, or the number of a machining mode
is input, the coordinates of the machining mode are au-
tomatically set in the machining program as machining
command information.
[0065] In the second method, a machining mode is se-
lected on, for example, a control-parameter setting
screen; machining mode information indicating a select-
ed machining mode is stored in the storage unit; and
when the machining program is executed, machining is
performed through use of a set of control parameters
corresponding to the machining mode represented by
the machining mode information stored in the storage
unit.
[0066] When the second method is used, machining
command information, which is composed of a com-
mand code ("G100," etc.) and a symbol ("A," etc.) as
shown in FIG. 6, represents a memory address of the
storage unit at which machining mode information is
stored. For example, when "G100 (100)" is set as ma-
chining command information, the machining mode in-
formation corresponding to the rough machining step
(G100) is stored at a memory address "100."
[0067] Subsequently, machining mode information for
each machining step is stored in a memory address cor-
responding to the machining step.
[0068] For example, a control-parameter setting
screen 21 shown in FIG. 7 is first displayed on the dis-
play unit, and then a worker selects a machining step
on the control-parameter setting screen 21. Specifically,
the worker selects one of "rough machining," "interme-
diate-finish machining," "finish machining A," "finish ma-
chining B," and "finish machining C" displayed at an op-

eration section 20 of the control-parameter setting
screen 21. In response thereto, a machining mode
graph (see FIG. 8) corresponding to a selected machin-
ing step is displayed on the display unit. Notably, three
finish machining steps; i.e., "finish machining A," "finish
machining B," and "finish machining C," are provided in
order to cope with cases in which changing of control
parameters during a finish machining step is desired.
[0069] Subsequently, in a state in which a machining
mode graph corresponding to a selected machining step
is displayed, the worker selects a desired machining
mode. For example, the worker selects a desired ma-
chining mode by pointing a portion of a screen corre-
sponding to the desired machining mode by use of a
pointing device such as a cursor or mouse, or inputs the
number or coordinates of a machining mode. Thus, ma-
chining mode information of the selected machining
mode (i.e., the coordinates of a selected one of the ma-
chining modes 1 to 7 on the machining mode graph,
a memory address of the storage unit 11 at which a set
of control parameters corresponding to a selected one
of the machining modes 1 to 7 is stored, or the
number of a selected one of the machining modes 1
to 7 ) is stored at a memory address corresponding to
a selected machining step (i.e., an address of the stor-
age unit at which machining mode information corre-
sponding to the selected machining step is to be stored).
[0070] For example, when the machining mode 3 is
selected in a state in which a machining mode graph
corresponding to the rough machining step is displayed,
machining mode information corresponding to the se-
lected machining mode 3 (e.g., the coordinates (U1,
V2) of the machining mode 3 ) is stored in a memory
address corresponding to the rough machining step (e.
g., address "100" of the storage unit at which machining
mode information corresponding to the rough machining
step is to be stored).
[0071] For the remaining machining steps, machining
mode information corresponding to a selected machin-
ing mode is stored in a memory address corresponding
to each machining step (at which a machining mode of
each machining step is to be stored) in a manner similar
to that described above.
[0072] Next, the operation of the control section 4 for
machining the workpiece W in accordance with the ma-
chining program shown in FIG. 6 will be described with
reference to the flowchart shown in FIG. 5. The process-
ing shown in FIG. 5 is started when the worker instructs
start of machining after having set machining mode in-
formation for each of the machining steps; i.e., rough
machining step, intermediate-finish machining step, fin-
ish machining step A, finish machining step B, and finish
machining step C, in the above-described method.
[0073] In step S1, the control section 4 reads out one
block of the machining program.
[0074] In subsequent step S2, the control section 4
judges whether control parameters are to be switched.
Specifically, the control section 4 judges whether the
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block read out in step S1 contains a command code re-
lating to machining mode ("G100" for rough machining,
"G101" for intermediate-finish machining, etc.). When
the block contains a command code relating to machin-
ing mode, the control section 4 proceeds to step S3.
When the block does not contain a command code re-
lating to machining mode, the control section 4 proceeds
to step S6.
[0075] In step S3, the control section 4 judges wheth-
er the machining mode has been set by means of user
setting; i.e., the machining mode has been designated
directly. The judgment as to whether the machining
mode has been set by means of user setting is made
through judgment as to whether the machining com-
mand information composed of a command code
("G100," etc.) and a symbol ("A," etc.) subsequent
thereto includes machining mode information.
[0076] When the machining mode has been set by
means of user setting, the control section 4 proceeds to
step S4. In step S4, the control section 4 obtains a des-
ignated machining mode (e.g., coordinates of the des-
ignated machining mode) from the machining mode in-
formation (user set value) contained in the machining
command information.
[0077] When the machining mode has not been set
by means of user setting, the control section 4 obtains
a memory address (e.g., a memory address designated
by the symbol) corresponding to the machining step
from the machining command information, and then
reads out the designated machining mode (e.g., coordi-
nates of the designated machining mode) from the
memory address.
[0078] In subsequent step S5, the control section 5
reads out a set of control parameters from the memory
address of the storage unit 11 corresponding to the des-
ignated machining mode (e.g., coordinates of the des-
ignated machining mode). The memory address used
for read-out operation is switched for each machining
step by means of the command code for designating a
machining step. For example, when a command code
for the rough machining step is contained, a set of con-
trol parameters is retrieved from a memory address pro-
vided for the rough machining step. Similarly, when a
command code for the intermediate-finish machining
step is contained, a set of control parameters is retrieved
from a memory address provided for the intermediate-
finish machining step.
[0079] Once a certain machining mode is designated,
the machining operation of the NC machine tool 1 is con-
trolled by use of control parameters for the certain ma-
chining mode until a different machining mode is desig-
nated or a command code for resetting machining mode
is executed. Notably, when the command code for re-
setting machining mode is executed, the machining
mode is switched to the standard mode (in the present
embodiment, the machining mode 4 ).
[0080] In step S6, the control section 4 executes com-
mands, other than the control-parameter switching com-

mand, which are contained in the block read out in step
S1.
[0081] In step S7, the control section 4 judges wheth-
er the machining program has ended. When the machin-
ing program has not ended, the control section 4 returns
to step S1 and reads the next block. When the machin-
ing program has ended, the control section 4 ends the
processing.
[0082] As described above, in the control-parameter
setting apparatus according to the present embodiment,
the worker is required to set a machining mode only, and
is not required to directly set values of control parame-
ters. Therefore, values of control parameters for obtain-
ing desired control characteristics can be set with ease.
[0083] The present invention is not limited to the
above-described embodiment, and may be modified
within the scope of the present invention.
[0084] The embodiment has been described with ref-
erence to the case in which the workpiece W is con-
toured by the NC machine tool 1 equipped with the CNC
having three numeral control axes (NC axes). However,
no limitation is imposed on the structure, the number of
control axes, layout, operation, or control of the NC ma-
chine tool 1, and no limitation is imposed on the machin-
ing shape of the workpiece W. Therefore, they may be
modified freely.
[0085] The machining mode graph displayed on the
display unit 6 is not limited to that shown in FIG. 2, and
may be modified in various manners, insofar as the ma-
chining mode graph enables the worker to easily distin-
guish the differences among machining modes used in
the NC machine tool 1, by watching the display unit 6.
[0086] Although in the embodiment seven machining
modes are provided, the number of machining modes
may be changed freely.
[0087] In the embodiment, a plurality of machining
modes are displayed in the form of a machining mode
graph while two-dimensional coordinate axes are used.
However, the method of displaying the machining
modes may be modified in various manners. For exam-
ple, a single-dimension coordinate axis; i.e., only a hor-
izontal axis, is provided; and grades (e.g., "poor," "av-
erage," "good") regarding "profile accuracy" are ar-
ranged along the axis. Alternatively, a single-dimension
coordinate axis; i.e., only a horizontal axis, is provided;
one end of the horizontal axis is labeled "Short machin-
ing time," and the other end of the horizontal axis is la-
beled "Higher machining accuracy"; and a plurality of
machining modes grades,are arranged between the two
ends.
[0088] In the embodiment, a machining mode is set
by means of designating machining accuracy and ma-
chining shape of the workpiece W. However, the method
of machining mode setting may be modified freely.
[0089] In the embodiment, machining command infor-
mation consists of a command code and a symbol. How-
ever, the form of the machining command information is
not limited thereto.
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[0090] The method of setting a memory address (an
address of the storage unit at which machining mode
information corresponding to a machining step is to be
stored) corresponding to a machining step and machin-
ing mode information (e.g., the coordinates of a selected
one of the machining modes 1 to 7 on the machining
mode graph, a memory address of the storage unit 11
at which a set of control parameters corresponding to a
selected one of the machining modes 1 to 7 is stored,
or the number of a selected one of the machining modes
1  to 7 ).
[0091] In the machining mode graph, accuracy in-
creases along the U axis toward the direction of the ar-
row, and degree of sharpness increases along the V axis
toward the direction of the arrow. However, this may be
modified in various manners.
[0092] In the embodiments, different machining
modes are provided in order to machine curved portions
and comer portions at different conditions. However, the
shapes of portions to be machined are not limited there-
to and may be changed.
[0093] The details of the flowchart shown in FIG. 5
may be modified in various manners.
[0094] In the embodiment, the worker sets a machin-
ing mode by use of the display unit 6 provided at the
operation section 3 of the NC machine tool 1. However,
such setting may be performed through remote opera-
tion at a centralized operation section or through oper-
ation of a programming unit for preparing a machining
program.
[0095] The control parameters of the NC machine tool
1 are not limited to those described above; and other
control parameters, such as servo gain, acceleration/
deceleration time constant, and acceleration, may be
used.
[0096] The present invention can be used to set con-
trol parameters of a controller for an apparatus other
than NC machine tools.
[0097] As described above, the apparatus for setting
control parameters of a machining apparatus according
to the present invention enables a worker to set control
parameters by designating a machining mode without
directly setting the control parameters. Therefore, even
when the worker is not an experienced worker, he or she
can set easily control parameters necessary for obtain-
ing desired control characteristics (e.g., control charac-
teristics for shortening machining time, and control char-
acteristics for realizing high machining accuracy), and
thus can operate the machining apparatus efficiently.
[0098] An apparatus for setting control parameters of
a machining apparatus. The setting apparatus includes
a storage unit for storing a set of control parameters for
each of a plurality of machining modes; an input device
for selecting one of the plurality of machining modes;
and a control unit for selecting a set of control parame-
ters corresponding the selected machining mode and
setting the set of control parameters as control param-
eters to be used for controlling the machining apparatus.

Claims

1. An apparatus for setting control parameters of a
machining apparatus, comprising:

a storage unit for storing a set of control param-
eters for each of a plurality of machining modes;
an input device for selecting one of the plurality
of machining modes; and
a control unit for selecting a set of control pa-
rameters corresponding the selected machin-
ing mode and setting the set of control param-
eters as control parameters to be used for con-
trolling the machining apparatus.

2. An apparatus for setting control parameters accord-
ing to claim 1, wherein

the apparatus includes a display unit;
the control unit displays the plurality of machin-
ing modes on the display unit; and
when one of the plurality of machining modes
displayed on the display unit is selected by use
of the input device, the control unit selects a set
of control parameters corresponding to the se-
lected machining mode and sets the set of con-
trol parameters as control parameters to be
used for controlling the machining apparatus.

3. An apparatus for setting control parameters accord-
ing to claim 2, wherein the plurality of machining
modes are classified in accordance with machining
accuracy.

4. An apparatus for setting control parameters accord-
ing to claim 2, wherein the plurality of machining
modes are classified in accordance with machining
time.

5. An apparatus for setting control parameters accord-
ing to claim 2, wherein the plurality of machining
modes are classified in accordance with machining
accuracy and machining time.

6. An apparatus for setting control parameters accord-
ing to claim 2, wherein the plurality of machining
modes are classified in accordance with comer ac-
curacy and curve accuracy.

7. An apparatus for setting control parameters accord-
ing to claim 2, wherein the plurality of machining
modes are displayed on the display unit in the form
of a graph.

8. A method for setting control parameters of a ma-
chining apparatus, comprising the steps of:

storing in a storing unit a set of control param-
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eters for each of a plurality of machining modes;
designating one of the plurality of machining
modes; and
selecting a set of control parameters corre-
sponding to the designated machining mode
and setting the set of control parameters as
control parameters to be used for controlling
the machining apparatus.

9. A method for setting control parameters according
to claim 8, further comprising the step of inserting
machining mode information in a machining pro-
gram so as to designate one of the plurality of ma-
chining modes.
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